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Clathrin-mediated endocytosis (CME) underlies intra-and extracellular material trafficking in 23 eukaryotes, and is essential to protein metabolism, intercellular signaling, membrane remodeling 24 and other cell regulatory processes. Although CME is usually driven by F-actin polymerization, 25 membrane invagination can also occur through unknown actin independent mechanisms. Here, 26 we present evidence that CME is driven by the accumulation of proteins at sites of endocytosis 27 initiation that undergo liquid-liquid phase separation to form viscoelastic droplets. The surfaces 28 of these droplets, bind to the membrane and surrounding cytosol and generate the work required 29 to drive membrane invagination. The proposed mechanism expands the repertoire of functions of
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Evolution has resulted in numerous innovations by which morphogenesis of organisms 35 occurs within limits imposed by physical and chemical constraints on the underlying biochemical 36 processes (Darwin 1859, Thompson 1917) . At the cellular level these biochemical processes 37 include active polymerization of cytoskeletal proteins (Pollard and Cooper 2009) , motor protein 38 regulation of polymerization (Haviv, Gillo et al. 2008 ) and cytoplasmic transport (Hendricks, 39 Holzbaur et al. 2012, Guo, Ehrlicher et al. 2014) , the generation and maintenance of osmotic 40 gradients (Meshcheryakov, Steudle et al. 1992 ) and peptidoglycan cell walls (Harold 1990) . 41 However, the mechanical forces that drive some subcellular mechanics remain a mystery. This In S. cerevisiae, the dominant force for vesicle generation in CME is branched actin assembly, 59 which is required to compete against intracellular turgor pressure and membrane tension to drive GPD1∆ cells can undergo CME in the absence of F-actin polymerization (blue) because there is no turgor 98 pressure in these cells (Fig. S2-3 ).
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A potential mechanism that could drive actin-independent CME in yeast was suggested to us by 101 the observation that there is a common amino acid sequence pattern found among coat and 102 adapter proteins. Several of these proteins have PLDs (Fig. 1a) Evidence that a protein droplet (henceforth called the cortical droplet) could form at CME sites 116 include first, electron and light microscopic studies that reveal a region surrounding CME (Fig. 2a, Fig. S5 ).
138
The other PLD-containing proteins, including Sla2, Ent1, Ent2, Yap1801 and Yap1802, all failed 139 to form puncta in cells treated with HD (Fig. S5) . Pulse-chase experiments showed that HD-140 dependent dissolution of Sla1 puncta was reversible ( The PLDs of cortical CME proteins were essential to their localization to cortical sites (Fig. 2b) . We could now determine the mechanical properties of the cortical droplet as follows. First, our 303 micro-rheological data is consistent with both cortical droplets and cytosol behaving as elastic 304 materials at rates above 1 Hz (Fig. 3d) The deformation of the membrane in response to contact of a soft viscoelastic object depends on 324 the geometries and mechanical properties of the object and the vessel it is in (in our case the 325 cytosol of a cell) and the membrane (Fig. 4a) . From all electron and super-resolution 326 fluorescence microscopic evidence, we know that the favored geometry of the membrane is flat 327 with invagination centered in the middle of the droplet (Fig. 4a, lower) . Such geometries could 328 be explained by a local radial stress-gradient generated by the droplet adhesion to both the With estimates of γ dc we also determined the work of adhesion that is released when the droplet 366 surfaces are created, as described by the Young-Dupré equation (Materials and Methods; Eq. 367 4.11). Again, we assumed a radial adhesion gradient around the invagination peak in the middle 368 of the cortical droplet (Fig. 4a) . We calculated an adhesion energy (y) of 4.9 ´ 10 -18 J from 369 interactions between the cortical droplet and both the membrane and cytosol (Fig. 4b, Fig. S15 cytosol. This energy cost includes the elastic, viscous, and interfacial stress penalties (Fig. 4b,   374 Fig. S15, Table S4 ). We also calculated an average adhesion energy of Tables S1-S4   462 Movies S1
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